Introduction
During the recenit period ineluding the years of 1925 to 1940 there have been seven years in which the crops from onion seed suffered a serious leaf injury resulting in low yields. The disease is apparently physiological, for there has not been a single instance in either past or recent investigations that showed the presence of a pathogen when the plants exhibited the first signs of injury.
The hypothesis that the causal agent is a certain combination of weather conditions has been substantiated by observation and also by laboratory experiments simulating the environmental factors that approximate the weather conditions prevalent preceding and during the appearance of the injury.
Onion blast symptoms The symptoms that lead to the diagnosis of the malady as onion blast are so evident and appear so suddenly that the word "blast" has been used in place of the milder term sunscald. In extreme cases, the tops of the leaves will turn white in a few hours, the course of the injury being from the tip downward. As the whitened part later turns brown, the remainder of the leaf dies gradually over a period of a few days, the rate becoming slower in cloudy weather. The most extreme symptom that has been observed is the death of the leaf tip without the immediate destruction of the chloroplasts, the tip turning to a dark green lacking the whitening that occurs in a less sudden death. A milder and more common form of blast symptom is the appearance of white spots on the leaves (around the stomata) which gradually enlarge as the leaf dies back from the tip. If the weather during the onset of blast remains fair, considerable damage results. If, however, cloudy weather occurs soon after blast symptoms appear, t.he plants recover to the extent that they seem to adapt themselves to conditions which allow a balance between the amount of water absorbed and that lost by transpiration.
Environmental factors As previously implied, the term blast indicates the suddenness of the appearance of the disease. Onion blast has always been observed to coincide with the occurrence of a few hours of clear, dry weather following a prolonged period of cloudy weather accompanied by rains. The injury results from a maladjustment to the environment of high light intensity (sunshine) following the prolonged period of low light intensity. These two environments may be described, in general, as follows.
First environment: Subdued light, warm air, and high humidity with a very moist soil at a time when the plant is actively growing and bulb formation is incomplete. This environment is possible over an extended period of cloudy weather with much rain. In such an environment, the onion leaves grow rapidly and have a soft texture. The plants are shallow rooted and the root system is small in relation to the total area of leaf surface. Since the cloudy, humid weather does not favor a heavy loss of water by transpiration, a small root system in a very moist soil is adequate for supplying the needed moisture to the plant. This first environment sets the stage and injury will occur when the second environment appears.
Second environment: Bright sunshine, high temperature, low humidity. The immediate effect on the onion plant is increased rate of transpiration, the rate being so rapid that more water is lost than can be absorbed by the limited root system. Transpiration at the lower portions of the leaves so depletes them of moisture that turgor is much reduced and the upper portions become flaccid. The tip portions become whitened because of their parched condition and the bleaching action of full sunlight. White areas occur around the stomata because water is lost at these points on the leaves more rapidly than the limited supply can replace it. The loss from the stomata is so rapid that water is also withdrawn from the adjacent cells, with the result that these cells are killed. Death of the cells at the tips and about the stomata so disrupts the normal function of the leaf that it dies back proportionately to the extent of the damage.
In general, it may be stated that extent of the damage is related to the modified or abnormal growth and to the ability of the air to withdraw moisture from such plants. Thus a root system which is small reduces the ability of the plant to replace lost moisture. Hence bright, warm, dry weather will cause excessive transpiration followed by tissue dehydration and occurrence of blast.
Observations and experimental work A composite record of field observations gives the following general conditions that are associated with onion blast. The injury appears suddenly and is widely extended. It is noticed first in the presence of intense sunlight and high temperature. Any increase in the development of the injury is on individual plants and not from plant to plant, where there may be borderline conditions of injured and uninjured plants. The nature of the appearance of the injury-general instead of sporadic-the fact that it increases during bright weather, and the apparent lack of evidence of causal infection by a pathogen prior to injury all indicate that the disease is physiological and, therefore, not caused by a parasite.
Usually, the onset of blast has taken place in July, the middle of the month being considered the most critical period. While the weather conditions that precede blast may affect the quality of the crop from set onions, blast does not entirely ruin the crop since harvesting begins within the last ten days of the month. On the other hand, seed onions are not ready for harvesting until the middle of August and the effect of blast on this crop is so completely disastrous that the seed onion crop may be a total failure.
In the laboratory, it has been possible to simulate the weather conditions believed to be the important factors concerned with governing the type of plant development that cannot withstand the sudden transition to the normal environment of dry, clear, and warm weather. Onion plants from seed were grown in 6-inch flower pots. When the bulbs were fairly well formed and still actively enlarging, the plants were deemed ready for use. To obtain the environment of subdued light and high humidity, a Wardian case was lined with paper and the bottom covered with a layer of moist sphagnum moss.
At various intervals, potted onion plants were placed in the prepared Wardian case and, as weather conditions warranted, these plants were moved to an out-of-door situation for the second environment (a fair, dry day and a high temperature). In no one experiment was this second environment as ideal as the conditions which prevailed in onion blast years. Check plants were grown in pots in the regular greenhouse environment and placed alongside those which were moved from the Wardian case. The soil was kept moist at all times, especial care being taken that when the plants were subjected to the second environment, water was added to the soil of both the test and check plants.
A period of no longer than 10 to 14 days was sufficient to so weaken the plants in the Wardian case that they suffered tremendously when exposed to the brighter and less humid conditions of the second environment. When these plants were exposed to strong sunlight on a day of low humidity, the first effect on the plants was extreme wilting. Check plants remained upright. Other results of the effect of exposure were not always the same. There were times when the surface of the leaf assumed a grayish-white color within a few hours. Most frequently it was the tips of the leaves that whitened and these leaves died and became brown in the course of a few days. The tips, in most instances, died first and the browning area gradually descended the whole leaf. In some tests the leaf tips puckered or crinkled and became dry without any appearance of the blanching symptoms associated with sunscald. They remained a dark green for several days after which the chlorophyll disappeared leaving the tips brown. That this form of injury was related to lack of water in the leaf was demonstrated by severing the root system from check plants. The In order to present visually and more specifically the range of combinations of number of cloudy days, average relative humidity, and average number of hours of sunshine that precede blast, a dial chart was constructed ( fig. 2 ). The background card should have the upper right quarter colored (crayon). In the dials, complete areas are cut from the upper right quarter, these areas being equidistant from the center and equal to each other. The whole may be assembled with a pin or rivet. The setting point is at top center of background.
The above dial chart is so arranged that the elements of weather can be combined in terms of cloudiness ("days" on chart), relative humidity, and average number of hours of sunshine. If an area is shown on the background card it is expected that onion blast will appear in the field when the weather changes to a bright, sunny day with a high temperature and low relative humidity.
Judgment must be used in setting the limits on the dials. Lower limit of cloudy weather, in days, was set at 3 thus making the value 4 as the minimum period of cloudy days. The maximum was set at +7 as it was judged that 8 or more days could be no worse. A period of cloudy weather was determined from weather records as 3 or more successive days, each day of which had less than 10 hours of sunshine.
The low limit for relative humidity was set at 75. Since 70 is normal for June, July, and August in this region, the figure 75 is not excessive. Eighty is the first figure to register and its position is such that it combines with other factors involved in producing a soft, abnormal development of the onion plant. The maximum of 100 is, of course, obvious.
The limits for average hours of sunshine were again matters of -judgment, 6 hours being deemed sufficient to prevent excessive growth and softness of tissue.
It will be noted that the position of the figures is such that they are closer together as maximum detrimental conditions are involved.
Lower limits of number of days of cloudy weather (set at 3) and percentage of relative humidity (set at 75) and an upper limit of average hours of sunshine (set at 6) were arbitrarily chosen.
In order to demonstrate by the dial chart that sensitizing the onion plant to blast is due to a combination of factors and not one factor, attention is directed to a comparison of it.ems in table I. It will be noted that many of the periods of cloudy weather (three or more days in succession with less than 10 hours' daily sunshine) in non-blast years (items 18-27) are equal to and sometimes longer than cloudy periods of blast years (items 1-17).
This comparison eliminates cloudy weather as the one and only factor.
Neither is relative humidity the deciding factor. In items 23, 24, and 27, where the average relative humidity figures are 80 in non-blast years, there are three periods in the blast years when the relative humidity was the same (items 7, 9, and 14).
A similar comparison can be made to show that the average number of hours of sunshine in the period is not the one factor that sensitizes the plants. (3) were able to delay the onset of blast by spraying with Bordeaux mixture. Although spraying did increase the yield in a blast year, these investigators concluded that the increase was not enough to justify spraying every year. Their observations on onion diseases and thrips damage pointed, in their opinion, to "a physiological rather than a parasitic cause of onion blast. " The fact that the injury develops and increases in bright sunshine and low humidity is in marked contrast to the inception and spread of parasitic diseases which depend upon cloudy days and moist air for an optimum environment. All observations point to, and laboratory experiments confirm, the cause of onion blast as the too rapid loss of water from sun-exposed tissue after the abnormal development of the plant in subdued light, high relative humidity, and high temperature.
In all probability weather records are rather more closely tied to man's relation with weather than to a complete understanding of the relations between plants and weather. Consequently, some guesswork is involved in translating weather records, as published, to a system useful for correlating plant responses. The idea of handling the elements of weather as superimposed dials must, to a great degree, include judgment and leeway. The injury, in the nature of sunscald, results from the inability of the onion plant to adjust itself immediately to bright sunshine, high temperature, and low relative humidity, following a period of cloudy, wet weather concomitant with high temperature and high relative humidity.
Abnormal development of the plant in terms of soft tissue and a small root syst.em during the subdued light period restricts the ability of the roots to replace the lost moisture which occurs when optimum conditions for transpiration appear. Tissue dehydration follows, especially in the areas exposed to direct sunlight.
The extent and seriousness of the injury is dependent upon the intensity of the two environments in relation to each other, and upon the stage of development of the crop.
Field observations have been supplemented with laboratory tests in which simulated weather conditions were employed. Sunscald, or blast, could be produced at will in the laboratory work.
A study of local weather records supplied data from which certain figures of cloudy weather, relative humidity, and hours of sunshine could be combined, indicating that blast would occur when this combination was changed to one of bright, sunny weather, high temperature, and low relative humidity.
The combinations of the first environment may be made visual by superimposing dials, each one of which can be adjusted according to the weather factor it represents. The dial chart is described and explained.
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